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SUMMARY 
 
Evident dampness or mold is consistently associated with increases in multiple respiratory 
and allergic effects, yet measured microbiologic agents still have limited suggestive 
associations. Thus, while prevention and remediation of indoor dampness and mold are likely 
to reduce health risks, current evidence does not support measuring specific indoor 
microbiologic factors to guide health-protective actions. It is important to identify which 
specific or aggregate indoor microbial exposures have adverse human health effects, and 
which have protective effects. Recent findings using molecular methods of microbial 
identification demonstrate the promise of these methods for developing health-relevant 
measurements of indoor microbiologic exposures. Meanwhile, quantification of conditions 
now assessed only subjectively, such as surface moisture or mold odor, may facilitate the 
prevention of dampness-related health effects.   
 
INTRODUCTION 
 
A prior comprehensive review of the epidemiologic literature on dampness, mold, and health 
(Mendell et al., 2011) found consistent associations between evident, subjectively assessed 
indoor dampness or mold and respiratory or allergic health effects.  Causal links remained 
unclear because objectively measured microbiologic organisms, components, or products (all 
here called “agents”) showed little consistent relationship with health outcomes. This paper (1) 
examines the previously reviewed findings for evidence that participant bias occurring in 
studies of weaker design had strong influence on the previous conclusions, because a recent 
paper (Larsson et al., 2011) has suggested that such bias in most reported studies may have 
erroneously created apparent associations, and (2) provides a brief update on recent findings 
since the previous review (Mendell et al., 2011).  
 
METHODS  
 
The 2011 review evaluated the published epidemiologic evidence for causation or association 
between qualitative/subjective assessments of dampness or mold and specific health outcomes. 
The review separately considered evidence for associations between specific quantitative 
measurements of microbiologic agents and specific health outcomes.   
 

mailto:mark.mendell@cdph.ca.gov�


In the current analysis, findings on subjectively assessed dampness or mold were compared 
across different study designs (in order of decreasing study strength: intervention, prospective, 
retrospective/case-control, and cross-sectional) as a rough assessment of the potential 
contribution of study biases to the conclusions of the review. Cross-sectional studies are the 
most susceptible to various study biases; retrospective studies (including retrospective cross-
sectional) are only slightly less susceptible. Prospective and especially intervention studies are 
the least susceptible to various study biases, and are less likely to use participant assessments 
of disease and exposure status, a type of data that may contribute bias to many cross-sectional 
studies of dampness or mold and health (Larsson et al., 2011).  
 
Also, a literature search in PubMed identified articles in the peer-reviewed literature on 
indoor dampness or mold and health published after those covered in the prior review, and 
these were examined for findings that would change the prior conclusions.   
 
RESULTS AND DISCUSSION 
 
In the prior review, findings from epidemiologic studies showed evident indoor dampness or 
mold (e.g., mold odor or visible dampness, water damage, or mold) to be associated 
consistently with multiple adverse outcomes: increased asthma (both development and 
exacerbation), respiratory infections, bronchitis, allergic rhinitis, eczema, and various upper 
and lower respiratory tract symptoms. Studies showed effects in both allergic and non-allergic 
individuals, and suggested both allergic and non-allergic (presumably pro-inflammatory) 
mechanisms. Only sparse, suggestive evidence of association with any specific health 
outcome was available for a few specific, quantified microbiologic agents and these 
associations, such as for endotoxin and beta-1-D-glucans, were, in part, equivocal.  
 
Table 1 summarizes, by specific study design across the multiple health outcomes studied, the 
proportions of epidemiologic findings included in the review by Mendell et al. (2011) that 
showed any increased risk. The 10 health outcomes studied included asthma development, 
asthma exacerbation, dyspnea, wheeze, bronchitis, cough, respiratory infections (including 
otitis media), eczema, allergic rhinitis, and upper respiratory tract symptoms (including 
allergic rhinitis). While the proportion showing associations was slightly smaller for 
retrospective and prospective studies relative to cross-sectional, these proportions are still 
very high.  The proportion for intervention studies exceeded that for cross-sectional studies.  
Thus the data do not suggest that bias, whether biased reporting by study subjects or other 
biases, had a substantial influence on the overall consistent pattern of associations between 
dampness or mold and multiple health outcomes. (Additional details provided in Appendix 
Table A1.) Conducting more detailed analyses comparing findings based on occupant- vs. 
researcher-based health and environmental assessments would answer this question more 
definitively.   
 
More recently published research generally supports the conclusions of the 2011 review. 
Some findings suggest potentially promising new directions for research to identify: 
dampness-related agents causing disease, more successful exposure assessment strategies, and 
human subgroups with increased susceptibility to dampness-related agents:   
• Of the qualitative assessments of dampness or mold studied, mold odor was most strongly 

correlated with new asthma (Quansah et al., 2012) and rhinitis (Jaakkola et al., 2013). 
• Measured wall moisture, in two studies, had dose-related relationships with asthma 

exacerbation, with ORs up to 7.0 (Williamson et al., 1997; Venn et al., 2003), but this 
promising approach has not been further pursued (Mendell et al., 2014). 



Table 1. Summary of epidemiologic findings on qualitative assessments of dampness or mold, 
and 10 health outcomes, categorized by study design, from Mendell et al. (2011), Table 1. 

Health outcome 
category  

Total 
number 

of 
studies       

Odds 
Ratios 
(OR) 
Range 

Number of 
estimates 

showing any 
increased risk 
with D/M a, b  

Number 
of total 

estimates 

Proportion of 
total estimates 
showing any 
increased risk 
with D/Ma, b 

    Intervention total 6 ---c 36 38 95% 
    Prospective total 36 0.4-7.6 88 105 84% 
    Retrospective total 17 0.6-4.9 50 60 83% 
    Cross-sectional total 211 0.3-9.4 570 628 91% 

a  qualitatively assessed dampness or mold  
b proportion of findings with ORs, risk ratios (RRs), or incidence rate ratios (IRRs) >1.0 (or, for 
removal of dampness/mold, <1.0), or other types of regression coefficients greater/less than 0 or 1 as 
appropriate 
c reported coefficients from linear regression models, not ORs from logistic egression 
 
• Early and diverse microbial exposures, as from farm animals (von Mutius and Vercelli, 

2010) or bacteria or fungi in homes (Ege et al., 2011; Dannemiller et al., 2013), seem to 
protect against the development of allergies or asthma, based on studies using molecular 
identification assays.  The role of specific microorganisms in this process is still unclear.  

• Chitin, in all fungal cells, has inflammatory effects in the lung (Van Dyken et al., 2011), 
and genetic deficiencies in a human enzyme (chitinase) that degrades chitin substantially 
increase risk of severe asthmatic effects in mold-exposed individuals (Wu et al., 2010).  

• Concentrations of several specific fungi, and combined indices of fungi, assessed by 
quantitative polymerase chain reaction in home dust at child age 12 months, strongly 
predicted increased risk of asthma development by age 7 years (Reponen et al., 2012).  

• Airborne culturable Penicillium species have been associated with asthma morbidity in 
specifically sensitized children, and also in unselected, possibly non-sensitized children 
(Turyk et al., 2006; Bundy et al., 2009; Pongracic et al.). 

 
CONCLUSIONS 
 
Per available findings, evident dampness or mold is consistently associated with increases in 
multiple respiratory and allergic effects, yet measured microbiologic agents still have limited 
suggestive associations, both positive and negative. Thus, while prevention and remediation 
of indoor dampness and dampness-related microbial agents are likely to reduce health risks, 
current evidence does not support measuring specific indoor microbiologic factors to guide 
health-protective actions. It is important to identify which specific or aggregate indoor 
microbial exposures have adverse human health effects, and which have protective effects. 
Recent findings using molecular methods of microbial identification demonstrate the promise 
of these methods for developing health-relevant measurements of indoor microbiologic 
exposures. Meanwhile, improved quantification of microbial assessments such as measured 
moisture or qualitative factors such as mold odor may improve prevention of adverse 
dampness-related health effects.   
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Appendix Table A1. Summary of epidemiologic findings on qualitative assessments of dampness or 
mold, and 10 health outcomes, categorized by study design, adapted from Mendell et al. (2011). 
 

Health outcomes with sufficient 
evidence of association with 

qualitatively assessed dampness 
or mold 

Total 
number 

of 
studies       

OR  
range 

Number of 
estimates 

showing any 
increased risk 
with D/M a, b  

Total 
estimates 

Proportion of 
total estimates 
showing any 
increased risk 
with D/Ma, b 

Intervention Studies       
    Asthma exacerbation 3 ---c 22 22 100% 
    Dyspnea 1 ---c 2 2 100% 
    Wheeze 1 ---c 7 8 88% 
    Upper respiratory tract symptomsd  1 ---c 5 6 83% 
            
Prospective Studies       
    Asthma development 6 0.6 – 7.1 7 9 78% 
    Asthma exacerbation 1 3.8 – 7.6 2 2 100% 
    Wheeze 12 0.7 – 6.2 35 37 95% 
    Bronchitis 1 0.7 – 3.8 4 5 80% 
    Cough 2 0.5 – 2.1 7 9 78% 
    Respiratory infectionse 5 0.4 – 5.1 14 24 58% 
    Eczema 2 1.2 – 2.9 3 3 100% 
    Allergic rhinitis 2 1.2 – 3.2 5 5 100% 
    Upper respiratory tract symptomsd  5 1.0 – 3.2 11 11 100% 
            
Retrospective Studies       
    Asthma development 8 0.6 – 4.1 29 38 76% 
    Asthma exacerbation 5 1.5 – 4.9 7 7 100% 
    Wheeze 2 1.5 – 2.8 9 9 100% 
    Cough 1 1.2 – 1.9 4 4 100% 
    Upper respiratory tract symptomsd  1 1.0 – 1.3 1 2 50% 
            
Cross-Sectional Studies       
    Asthma development 3  1.6-2.2 2 2 100% 
    Asthma exacerbation 22 1.0 – 7.6 45 47 96% 
    Dyspnea 15 0.4 – 9.4 56 67 84% 
    Wheeze 60 0.4 – 8.7 151 164 92% 
    Bronchitis 11 1.2 – 2.4 19 19 100% 
    Cough 46 0.2 – 5.7 140 147 95% 
    Respiratory infectionse 13 0.5 – 3.1 30 37 81% 
    Eczema 4 0.3 – 1.9 13 15 87% 
    Allergic rhinitis 3 0.7 – 3.5 7 8 88% 
    Upper respiratory tract symptomsd  34 0.4 – 5.9 107 122 88% 

a  qualitatively assessed dampness or mold  
b   proportion of findings with ORs, RRs, or IRRS >1.0 (or, for removal of D/M, <1.0),  
         or other coefficients greater/less than 0 or 1 as appropriate 
c reported coefficients from linear regression models, not ORs from logistic regression 
d “Upper respiratory tract symptoms”  includes findings on allergic rhinitis 
e “Respiratory infections” includes findings on otitis media 
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